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Abstract—Typical Inductive Power Transfer (IPT) systems 
employ two power conversion stages to generate a high frequency 
current from low frequency utility supply.  This paper proposes a 
matrix converter based IPT system that facilitates the generation 
of high frequency current through a single power conversion 
stage.  The proposed matrix converter topology transforms a 3-
phase low frequency voltage system to a high frequency single 
phase voltage which in turn powers a series compensated IPT 
system. A comprehensive mathematical model is developed to 
investigate the behavior of the proposed IPT topology.  
Theoretical results are presented in comparison to simulations, 
which are performed in Matlab/ Simulink, to demonstrate the 
applicability of the proposed concept and the validity of the 
developed model. 
Keywords: matrix converter, inductive power transfer, IPT. 
I.  INTRODUCTION 
nductive Power Transfer systems are gaining popularity as 
they offer numerous advantages over conventional wired 
power transfer systems in relation to convenience, safety, 
isolation, operation in hostile conditions and flexibility. 
Consequently, there is an increased demand for IPT powered 
applications, such as transportation [1]-[2], mobile devices 
charging, lighting, material handling, mobile control robots [4]-
[6], bio-medical implants [7], etc. 
Development of efficient IPT systems can be considered 
as receiving more attention as many attempts have recently 
been made to improve the overall efficiency. The overall 
efficiency of an IPT system largely depends on the losses that 
incur in coupling coils and converters. In case of the former, 
the losses can be minimized by proper magnetic circuit and 
coil winding design, whereas in the later,  with the reduction 
of number of conversion stages, switching and conduction 
losses can be reduced. 
A typical IPT system is shown in Fig. 1.  The primary 
side comprises an AC source, a rectifier, an inverter and a 
resonant network to compensate the primary coil inductance. 
The secondary, mutually coupled to the primary through M, 
employs a resonant compensation network and a power 
regulator, which can be a rectifier in the simplest form.  As 
evident, two power conversion stages are invariably required 
on the primary side to generate a high frequency current in the 
primary coil.  In addition a DC-link capacitor is also used to 
reduce the voltage ripple.  Consequently, the system suffers 
from disadvantages such as lower reliability, increase in power 
losses, cost and overall physical size. 
A matrix converter can be employed to reduce the number 
of conversion stages and, thereby, to alleviate some of the 
above disadvantages. A single stage AC to AC conversion 
through a matrix converter has been proposed by Venturini 
and Alesina in 1980’s and since became popular as an 
alternative to conventional indirect power converter systems 
[8]. The matrix converter concept facilitates the synthesis of a 
high frequency voltage or current directly from a low 
frequency supply source, and is ideal for generating a high 
frequency current, which is required for IPT systems, directly 
from the supply mains.  
This paper proposes a matrix converter based IPT system 
that generates a high frequency current with a reduced number 
of semiconductor switches. The proposed topology transforms   
50-Hz 3-phase utility supply to a single-phase high frequency 
supply which in turn can be used to directly excite the primary 
side resonant network of an IPT system [9]-[11]. Fig. 2 shows 
the IPT system, driven by the proposed matrix converter based 
topology. Series compensation is provided for both sides of 
the IPT system. 
 
Fig. 1. A typical IPT system with AC power supply 
I 
                                                                                       
 
 
Fig. 2. IPT system with the proposed matrix converter topology. 
 
II. THREE PHASE TO SINGLE PHASE MATRIX CONVERTER 
COMMUTATION STRATEGY 
A. The proposed matrix converter and commutation strategy 
In the proposed topology, a three-phase to single-
phase matrix converter with only 4 bi-directional switches 
is employed to produce a high frequency current in the 
primary side series resonant tank. The fourth switch is 
added to control the resonant energy through a zero-
voltage state across the resonant tank or Vp. The switching 
strategy is described in Fig. 3. 
The basic switching rule is that only one bi-
directional switch is switched on at any instant. The basic 
4-step commutation is employed in this case. So the output 
voltage will be either equal to zero, or equals to one of 
three phase voltages. In case the output voltage is equal to 
the phase voltage, it should be switched to the phase which 
is the boundary of three phase voltage as shown in          
Fig. 3(a), i.e. maximum voltage v
+
 or minimum voltage v
-
. 
The zero voltage state is controlled by switching on S4.  
By using the phase shift control method [1]-[3], the 
output voltage will have the waveform illustrated in       
Fig. 3(f). 
To analyze the fundamental component and higher 
order harmonics of output voltage vp, let us define v
+
, v− ,
f + and f − as shown in Fig. 3. 
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Fig. 3. Commutation strategy with phase shift control method, (a)  
three phase input voltage with boundary voltages highlighted, (b), (c) 
phase shift control signals, (d), (e) positive and negative side control 
signals, (f) primary voltage of resonant load. 
B. Steady-State Harmonic Analysis  
 
Assume that the three phase input voltages are given as 
follows 
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with 0ω  is the AC input voltage angular frequency and Vm is 
the amplitude of input phase voltages. 
The positive and negative components of boundary input 
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And using Fourier expansion, 
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Let us define the frequency of square wave for phase shift 
method be Tf . Tf  therefore is also the resonant frequency in 
both primary and pick up side of IPT system. So the resonant 
angular frequency will be 
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The phase shift pulse patterns f + and f − as seen in      
Fig. 3(d) and Fig. 3(e) are respectively given by 
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where φ is the phase shift angle, 0 ≤ φ ≤ pi. 
Assume the voltage drop across the filters is neglected. 
The output voltage appears at the primary side of the resonant 
tank is given by, 
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Substituting (4), (5), (7) and (8) into (9) we get, 
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A simpler expression can be derived as follows by 
omitting the higher order harmonics in each expression (4), 
(5), (7) and (8).  
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Fig. 4. FFT spectra of primary resonant tank voltage. 
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Simplifying further we have, 
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The FFT spectrum of this voltage is illustrated in Fig. 4. 
Since the other harmonic components of Vp are much less than 
the harmonic at the resonant angular frequency ωT, Vp(1), Vp 
can be considered to be an ideal sinusoidal voltage source for 
the primary resonant tank of IPT systems with the angular 
frequency ωT.  
III. OUTPUT POWER AND EFFICIENCY ANALYSIS OF                
SERIES- SERIES COMPENSATION TOPOLOGY IN IPT SYSTEMS 
A. The load power analysis 
 
The equivalent circuit of the topology presented in Fig. 2 is 
shown in Fig. 5. 
 
Fig. 5. The equivalent circuit of SS compensated IPT system of      
Fig. 2. 
 
 The equivalent load resistance RL can be expressed in terms 
of DC load resistance as follows, 
 
2
8
L TR R
pi
=     (13) 
 
                                                                                       
 
where RL is the equivalent load resistance referred to the 
resonant inductive side and RT is the DC load resistance [5]. 
The equivalent circuit inductances are given by 
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La and Lb are the leakage inductances of the primary and the 
pickup windings respectively and M is the mutual inductance 
of the windings. 
It is obvious from Fig. 5 that the impedance referred to 
the voltage source side is given by, 
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When IPT operates at the resonance angular frequency ωT  
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The current flow in the secondary winding at the angular 
frequency ωT  is given by, 
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The output power therefore is given by 
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where Vpm is the amplitude voltage of Vp(1). 
The output load power is a function of mutual inductance 
M and load resistance RL.  
The mutual inductance is a function of the coupling 
coefficient k which depends on the distance between the two 
winding coils and is expressed as follows, 
1 2M k L L=     (19) 
The maximum load power transferred can be determined 
by choosing the mutual inductance or load resistance satisfy 
the following expressions, 
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From (20a), 
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From (20b), 
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B. The efficiency analysis 
Assume that the power losses of the converters can be 
neglected, the efficiency of IPT systems with SS topology 
presented in Fig. 5 is given by, 
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It is obvious that the efficiency is proportional to the mutual 
inductance, i.e. the higher the mutual inductance, the higher the 
efficiency. In another words, the increase in distance between 
two windings coils makes the efficiency smaller. As η  is also 
a function of RL it can be maximized by tuning the load 
resistance.  
 By using, 
0
L
d
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Maximum efficiency can be determined as follows, 
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Actually, we cannot tune the load resistance in almost of 
applications. However, if we know the range of the load 
resistance, we can design an IPT system with appropriate 
parameters for maximizing the system efficiency or output 
power load. In these cases, the analysis (13)-(26) will be useful. 
IV. SIMULATION RESULTS 
 
In the previous section, the proposed IPT system has been 
mathematically modeled. This section will present some 
simulation results to verify the viability of the proposed 
concept. The parameters of the simulation are given in      
Table 1. Figs. 6,7 and 8 present the simulation results in the 
case of phase shift angle φ = pi while Figs. 9,10 and 11 present 
the simulation results in case of phase shift angle φ = pi/2. RL is 
designed for maximizing the system efficiency: RL = 2.64 Ω 
(RT = 3.258 Ω) in all of these results. Fig. 12 presents the 
output power in the case of RL is designed for maximizing the 
output power: RL = 69.74 Ω (RT = 86 Ω). 
 
Table 1. Parameters for simulation 
 
Parameters Symbols Value Unit 
Input phase voltages (RMS) va,vb,vc 50 V 
Input frequency fo 50 Hz 
Primary and secondary 
inductance 
L1 = L2 280 µH 
Primary and secondary 
resistance 
R1 = R2 0.1 Ω 
Primary and secondary 
compensated capacitance 
C1 =C2 0.1 µF 
Switching frequency fT 30 kHz 
Coupling coefficient k 0.05  
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Fig. 6. Primary and pick up voltages and currents when phase 
shift angle φ = pi. 
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Fig. 7. Instantaneous voltages and currents from primary and pickup 
sides when shift angle φ = pi. 
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Fig. 8. Input and output power of the system when RL is designed for 
maximizing the efficiency and φ = pi.  
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Fig. 9. Primary and pick up voltages and currents when phase shift 
angle     φ = pi/2. 
It can be seen from Figs. 7 and 10 that the primary and the 
pickup currents are sinusoidal at the resonant frequency.   
Figs. 8 and 11 present the primary, secondary and load power 
of the proposed system with the maximum efficiency is about 
93%. Furthermore, it can be seen that the output power can be 
controlled by phase shift angle φ. The load power shown in 
Figs. 8 and 11 are about 980 W and 470 W with the phase 
shift angles of φ = pi and φ = pi/2 respectively. 
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Fig. 10. Instantaneous voltages and currents from primary and pickup 
sides when phase shift angle φ = pi/2. 
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Fig. 11. Input and output power of the system when RL is designed 
for maximizing efficiency and φ = pi/2. 
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Fig. 12. Input and output power of IPT system when RL is designed 
for maximizing output power and φ = pi. 
The maximum output power of 6.8 kW seen in Fig. 12 is 
compatible with the value calculated using 22(a) and it has 
been transferred through the air gap with an efficiency of 
about 50%. 
V. CONCLUSIONS 
A matrix converter based IPT system has been proposed to 
improve the overall efficiency of system through the reduction 
of power conversion stages.  A series compensated IPT system 
has directly been excited from the supply mains to generate a 
high frequency current in the resonant tank.  A mathematical 
model for the proposed system has also been presented with 
simulated results to demonstrate the feasibility of the proposed 
topology.  With less number of conversion stages, the matrix 
converter based IPT topology is expected to be efficient, low 
in cost and suitable for high power applications. 
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